The case for a wet, warm climate on early Mars by Pollack, J. B. et al.
The Case f o r  A Wet, Warm Climate on Ear ly  Mars 
J , B .  Po l lack ,  J. F. Kast ing 
NASA Ames Research Center ,  Moffe t t  F i e l d ,  CA 94035 
S.M, Richardson 
Iowa S t a t e  Un ive r s i t y ,  A m e s ,  Iowa 50011 
K.  Po l iakof f  
1 , M . I .  Inc . ,  San Jose ,  CA 
The t h e o r e t i c a l  arguments a r e  presen ted  i n  support  of t h e  i d e a  t h a t  Mars 
possessed a  dense C02 atmosphere and a  wet, warm c l ima te  e a r l y  i n  its 
h i s t o r y .  Ca l cu l a t i ons  wi th  a  l - D  rad ia t ive-convec t ive  c l ima te  model 
i n d i c a t e  t h a t  C 0 2  p r e s su re s  between 1  and 5  ba r s  would have been 
r e q u i r e d  t o  keep t h e  s u r f a c e  temperature  above t h e  f r e e z i n g  po in t  of 
water e a r l y  i n  t h e  p l a n e t ' s  h i s t o r y .  The h igher  va lue  corresponds t o  
g l o b a l l y  and orb i ta l ly -averaged  cond i t i ons  and a  30% reduc t ion  i n  s o l a r  
luminos i ty ;  t h e  lower va lue  corresponds t o  cond i t i ons  a t  t h e  equa tor  
dur ing  p e r i h e l i o n  a t  t imes of h igh  o r b i t a l  e c c e n t r i c i t y  and t h e  same 
reduced s o l a r  luminosi ty .  
The p l a u s i b i l i t y  of s-uch a  C02 greenhouse is t e s t e d  by formula t ing  a  
s imple model of t h e  C02 geochemical c y c l e  on e a r l y  Mars. By 
app rop r i a t e ly  s c a l i n g  t h e  r a t e  o f  s i l i c a t e  weather ing on p re sen t  Ear th ,  
we e s t ima te  a  weather ing time cons tan t  of t h e  o r d e r  of s e v e r a l  t imes 10 7 
years  f o r  e a r l y  Mars. Thus, a  dense atmosph r e  could have p e r s i s t e d  f o r  8 a  geo log ica l ly  s i g n i f i c a n t  t ime per iod  ( "  10 y e a r s )  on ly  i f  atmospheric 
C02 was being cont inuous ly  r e supp l i ed .  The most l i k e l y  mechanism by 
which t h i s  might have been accomplished is t h e  thermal decomposition of 
carbonate  rocks  induced d i r e c t l y  and i n d i r e c t l y  ( through b u r i a l )  by 
i n t e n s e ,  g loba l  s c a l e  volcanism. For p l a u s i b l e  va lues  of t h e  e a r l y  h e a t  
f l u x ,  t h e  r e c y c l i n g  t ime cons t an t  is a l s o  of t h e  o r d e r  of s e v e r a l  t imes 
7 10 years .  The amount of C 0 2  d i s so lved  i n  s t and ing  bodies of water was 
probably sma l l ;  t h u s ,  t h e  t o t a l  s u r f i c i a l  C02 inventory r e q u i r e d  t o  
main ta in  t h e s e  cond i t i ons  was approximately 2  t o  10 bars .  The amount of 
C02 i n  Marsv atmosphere would e v e n t u a l l y  have dwindled, and t h e  c l i m a t e  
cooled,  a s  t h e  p l a n e t ' s  i n t e r n a l  h e a t  engine  r a n  down. A t e s t  f o r  t h i s  
theory  w i l l  be provided by spec t ro scop ic  s ea rches  f o r ' c a r b o n a t e s  i n  
Marsq c r u s t .  
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